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1. Palmetto Pines Golf Course

ProjectLocation and Description

The project is located at Palmetto Pines Golf Course whichusii@gulated facility, meaninte golf

O2dz2NES AayQi OdaNNBydfe& NBI dzA NdbMRstriot SSFWNDY20 teatsi 4 G Cf 2
runoff. Therefore, the concept for the golf course is to provide three options for consideration. Each can

be constructed individually or combineddifferent configurations. The first and least expensive option

is to increase the storage capacity of the existing pond system. Option two includes revising operations

by pulling water via pump from the canal on the west side of the golf course. Qptmincludes the
construction of 1 to 3 bioswales to treat runoff and improve flooding in the golf colFigire Al-1

shows the project locatioand the following sections describe each option in more detail.
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Figure Al-1. Location of Palmetto Pines Gdlfourse

Existing Operations

Palmetto Pines Golf Course currently maintains six interconnected freshwater ponds that are usually

kept at a control elevation of six feet by pumping water from the City Makai Canal (at the corner of SW

18" Terrace and SW T1Ave). The golf course has a permit from the South Florida Water Management
District to draw 119 million gallons per year or 16.0511 million gallons in any one month. The control

depth of six feet currently provides about 10 days of water supply fgaition before the canal is

GFLIISR +3AFLAYy® 2 GSNJ ljdzr t AG& AYLINR@SA RdzS (2 (KS¢
submersible circulation unit, installed in the irrigation pump pond, adds additional treatment by

destroying surface algae. The exigtpond configuration and flow paths are showrFigure Al-2.
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Option #1 - Proposed PondRetrofits

The configuration of the existing pond system appears to have sufficient capacity to increase the control
depth from 6 feet to 7 feet. In addition, the southeast pond appears to have sufficient capacity to
increase the control depth to 8 feetsrading to increase the storage capacity within the ponds should

not be required based on the existing pond contours and site reconnaissance. The increase in pond
elevation would result in a greater amount of storage for the golf course while also prgtidatment

for a larger volume of canal water. Costs associated with this option should be negligible, however,
approval from the SFWMD would be required if additional canal water is pumped from the canal(s)
which may require a special study.

Option #2 - New Pump

There is a possibility that a new pump could be installed near the northwest part of the golf course to
bring water via pipe or bioswale to the enhanced ponds. This operation would likely enhance the
treatment capabilities of the system becauthe canal on the west side has higher concentrations of
total nitrogen because it drains a much larger portion of the City than the canal on the east side. For
this option, the costs were determined based on the assumption that the water would be bgled
ground for about 1,500 feet to connect with the pond system. This estimate is highly variable and the
final cost is very likely to be different than the estimates provided here. Several factors will affect the
cost including: pipe length, the pobl use of swales instead of pipe, and whether the golf course can
install the system themselves. Also, the cost of the pump(s) will likely vary considerably based on the
quality, size, and pumping capacity required. Each of these should be more alycdedézmined in

the final design.

Option #3 - Bioswales

Option three includes 1 to 3 bioswales to treat runoff from the golf course and surrounding areas. In
addition, the two southern most bioswales are strategically located to improve drainage ddirftp

issues. The top most bioswale could be used to convey water from the new pump concept should that
option be selected. All three drain directly into the pond system, thereby creating a treatment train for
water quality improvements. The costs faoswales included in this concept plan assume all three
bioswales are constructed and landscaped by others than the golf course. Should the golf course
construct, or provide the landscaping themselves, the total cost for the bioswale concepts can be
consderably less.

Bioswale Soil Media
If bioswales are selected, they should be designed to have soil media that meets the following
specifications:

For safety and ease of maintenance, side slopes should be no steeper than 3h:1v.

At least 18 inches of soil miedshould be added above the underdrain layer to create an
acceptable filter.

9 The soil media should be obtained from an approved vendam@nrufactured onsite to
acceptable specificatioh$o create a consistent, homogeneous fill media.

1 The soil media shdd have a porosity of 30 percent and be capable of infiltration rates of 0.5
in/hr or greater under compaction and should be free of rubbish, deleterious material,
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toxicants, declared plants and local weeds (as listed in local guidelines/acts), andrsbicogd
hydrophobic.

1 The soil media should contain some organic matter for increased water holding capacity but be
low in nutrient content.

The recommended soil mixture and recommended media testing and specified ranges is shawiein
Al-1.

Table A.1-1. Soil Media Specifications

Material Specification Notes
i 85-88% sand The volume of filter media should be
Filter Media 1 8-12% soil fines based on 110% of the product of the
Composition f  3-5% organic matter in form of surface area and the media depth, to
leaf compost account for settling.

1 Mehlich-1 Extractable mg/kg = 10-25 (This is enough phosphorus to
support plant growth without exporting phosphorus from the cell.)

Filter Media Testing | § Cation Exchange Capacity (CEC) greater than 10

1 Soil pH between 5.5 and 7.0

1 Mix on-site or procure from an approved media vendor

4 inch surface depth of loamy sand or sandy loam texture, with less than 5%

clay content, a corrected pH of 6 to 7, and at least 2% organic matter

Permeability Infiltration should be 0.5 in/hr or greater

Top Saoil

It may be advisable to start with an opgnaded coarse sand material and proportionately mitopsoil
that will contain anywhere from 30 to fkercent soil fines (sandy loam, loamy sand) to achieve the
desired ratio of sand and fines. An additional 3 fmebcent organic matter can then be added. (The
exact composition of organic matter atapsoil material will vary, making particle size distribution and
the recipe for the total soil media mixture difficult to define in advance of evaluating the available
material.)

Bioswale Choking Layer

A 2 to 4 inch layer of choker stone (e.g., typicABTM D448 No. 8 or No. 89 washed gravel) should be
placed beneath the soil media and over the underdrain stone.

Bioswale Underdrain

The underdrain should be 4 or 6 inch perforated schedule 40 PVC pipe with 3/8 inch perforations at 6
inches on center. Thenderdrain must be encased in a layer of clean, washed ASTM D448 No.57 stone.
The number and diameter of the underdrains used must be sized so that the bioswale system fully
drains within 72 hours or less.

Bioswale Plant Selection

For the bioswales to furtion properly as stormwater treatment and enhance the landscape, vegetation
selection is crucial. Appropriate vegetation will have the following characteristics:

1 Plant materials must be tolerant of drought, ponding fluctuations, and saturated@uwilitions
for 10 to 48 hours.
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9 Itis recommended that a minimum of three herbaceous groundcover species be incorporated to
protect against facility failure from disease and insect infestations of a single species.

1 Native plant species or hardy cultivarattare not invasive and do not require chemical inputs
are recommended to be used to the maximum extent practicable.

It is recommended that the planting plan be prepared by a qualified landscape professional (e.g.,
licensed professional landscape architemdrtified horticulturalist) in order to tailor the planting plan to

the sitespecific conditions. However, a selection of plant species, along with additional details including
the recommended spacing, container size, and light requirements, is prowidedble Al-2.

Table A.1-2. Plant Species for Bioswales

Container
Common name Scientific Name Spacing| Size Light
Sand cord grass Spartina bakeri 5'0.C. | 1gal full sun
Blue maidencane Amphicarpum muhlenbergianum 3' O.C. | 4" pot partial shade
Muhly grass Muhlenbergia capillaris 3'0.C. | 1gal full sun

Notes:Planting elevations relative to established water surfalsvations. O.C. = on center

Enhanced Ponds, Pumps, and Bioswalgserations and Maintenance

In order to maximize the water quality benefits of the enhanced pond system concept, operations
within the golf course will likely need to be modified. Wittea day residence time, the volume of

water pumped from the canal will likely need to be increased from 119.1 million gallons per year to
more than 220 million gallons. However, a more thorough analysis is required to determine an exact
volume. The finadecision will depend on irrigation needs, golf course operations, weather, and
requirements/approval from the Southwest Florida Water Management District.

Maintenance activities for the ponds, pumps, and bioswales should be focused on the megor sys
components, especially inflow and outlet§able Al-3 outlines the required maintenance tasks, their
associated frequency, and notes to expand on the requiresmehtach task.

Table A.1-3. Maintenance Tasks for Bioswales

Task Frequency Maintenance Notes

Inspect drainage time (224 hours).Might have to

Monitoring infiltration determineinfiltration rate (every 23 years).Turning

and drainage 1 timelyear over or replacing the media (top2inches) might be
necessary to improve infiltration (at least 0.5 in/hr).
Check and repair eroded 1 time/year Eroding banks can reduce the capacity of the swale.

areas

1 time/2-3 days for first
Watering 1-2 months; sporadically
after establishment

If drought conditions exist, watering after the initial
year might be required.

Fertilization 1 time initially Onetime spot fertilization for first year vegetation.
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Check for erosion at the outlet and remove any
accumulated sediment.

Tasks include trasiind debriscollection, plant health,
spot weeding, and removingediment

Outlet nspection 1 time/year

Miscellaneous upkeep | 1 timelyear

Enhanced Pond Systeriiotal Nitrogen Load Impacts

Nitrogen removal for the enhanced wet pond system is based on a variety of factors. The most

dominant factor is residence time, which is the amount of time water spends in the pond system before
exiting. An ideal scenario allows exgh time for unwanted constituents to either settle out of the

water column, or be removed through natural chemical and biological processes. According to Florida
59t Qa {G2NXg6F GSNI vdz f AGe !LILX AOLIydiQa | FyRo2213 I
determined by the following relationship and equation:
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Variablety represents detention time (residence time). Hydraulic detention time is governed by flow

rate, which would be controlled by the pump system(s). The following equation relates flote rate
detention time:

ta= (€) *QAxD) / (
Variablee, A, D,and NBLINBaSyida GKS 680 LRYRQa a2Af LRNRAAD

For the pond system, a residence time of 10 days was used to calculate the flow and removal efficiency
that might be expected Table Al-4 and Figure Al-3 highlight the total annual load reduction for TN.
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Table A.1-4. Load Reductions for the Enhanced Pond System

Average Annual
. Average Annual Loads .
Constituent 9 Reduction
PreBMP | PostBMP Reduction | Percent

Total Nitrogen (Ibs) 843 587 256 30%
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Figure Al-3. Load Reductions for the Enhanced Pond System

Bioswales Total Nitrogen Load Impacts

SUSTAIN was used to quantify potential water quality benefits achieved by implementing bioswales.
The simulations were run for a 17 ygaariod from January 1, 1996 through December 31, 20lhle
A.1-5 andFigure Al-4 highlight the total annual load reduction for TN. Time series data were available
from the model. Water quality benefits are realized through loss of pollutant mass via infiltration and
through improved nutrient absorption and pollutant uptake from the vegetation within the BMP.

Table A.1-5. Load Reductions for the Bioswales

Average Annual
. A A | Load .
Constituent verage Annual £oads Reduction
PreBMP | PostBMP Reduction | Percent
Total Nitrogen (Ibs) 126 67 58 46%

A9
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Figure Al-4. Load Reductions for the Bioswales
Pump and Pipe Cost Opinion

The estimated cost of implementing a new pump and pipe system is preseniedbie Al-6.

These costs are presented for planning purposes only. Actual costsekjlviiky from those presented
here and are highly dependent on who does the planning, design, construction, and operations and
maintenance. As can be seen in the table, the cost for trenching, pipe, and pipe installation constitute
the majority of the cosestimate. If the project selects the use of swales in lieu of the pipe, these costs
will be significantly lower. These costs are very conservative and as calculated, the cost per pound
removed of TN for the new pump and enhanced pond system is estin@atee about $564.45.

Table A.1-6. Pump and Pipe Cost Opinion

Item No Description Quant. Unit Unit Cost Total
Pumping Equipment

1| Pump 1| Each $10,000.00, $10,000.00
2 | Trenching , Pipe, and Pipestallation 1,500| LF $50.00( $75,000.00
Construction Subtotal $85,000.00
3 | Utility Adj (5% of subtotal) $4,250.00
4 | Planning (20% of subtotal) $17,000.00
5 | Design (20% of subtotal) $17,000.00
6 | Mobilization (10% of subtotal) $8,500.00
7 | Contingency (15% of subtotal) $12,750.00
Construction Total $144,500.00
8 | 20-Year O&M 0| SF $2.28 $0.00
Total Cost $144,500.00
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Bioswales Cost Opinion

The estimated cost of implementing bioswales is presentéhlrie Al-7 and assumes the following
swale dimensions:

1) Total Length = 1,050

2) Top Width = 12 feet

3) Bottom Width = 6 feet

4) Swale Depth = 1.5 feet
5) Soil Media Depth = 1feet
6) Gravel Layer = 0.5 feet

These costs are presented for planning purposes only. Actual costs will likely vary from those presented
here and are highly dependent on factors such as who performs the construction, landscaping, design,
and operations and mintenance. These costs are therefore very conservative and will likely be much
less than what is presented here. The conservative cost per pound removed of TN for the bioswales is
estimated to be about $4,190.94.

Table A.1-7. Cost Opinion

Item No Description Quant. Unit gggt Total
Preparation
1 [ Temporary Construction Fend  5,100( LF $2.50| $12,750.00
Silt Fence 5,100 LF $3.00| $15,300.00
Site Preparation
3 | Excavation an®Removal 2,400 CY $8.52( $20,448.00
Bioswales
4| 4inch Perforated Pipe 2,550| LF $2.00 $5,100.00
5 | GravelSubbase 6 inches 15,300| SF $0.55 $8,415.00
6 | Fine Grading 30,600( SF $0.72( $22,032.00
7 | Soil Amendments 200| CY $13.00 $2,600.00
Landscaping
8 | Vegetation 30,600| SF $0.50| $15,300.00
Construction Subtotal $101,945.00
9 | Utility Adj (5% of subtotal) $5,097.25
10| Planning (10% of subtotal) $10,194.50
11 | Design (30% of subtotal) $30,583.50
12 | Mobilization (10% of subtotal) $10,194.50
13 | Contingency (15% of subtotal $15,291.75
Construction Total $173,306.50
14| 20-Year O&M | 30,600[SF | $2.28] $69,768.00
Total Cost $243,074.50
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Design Details and Drawings

The conceptual plan and cressction details are provided Bxhibit A.1
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Project Narrative

Option #1 - Proposed Pond Retrofits:

The configuration of the existing pond system appears to have sufficientcapacity to increase the control depth from six
feet to seven feet In addition, the southeast pond appears to have sufficient capacity to increase the control depth to
eightfeet. Grading for these pond retrofits would notbe required, asdetermined by sitevisits. The increasein pond

3SdN0J 47109 S3NId OLLINTVd

elevationwould resultin a g amount of storage for the golf course while also providing trestment for 3 larger

volume of canalwater.

Option #2 —New Pump:

There is 3 possibility that 3 new pump could be installed in the northwest part of the golf course to bring watervia pipe

or bioswaleto the enhanced ponds. Thisoperstion would likelyenhance the treatmentcapabilities of the system

because the canal on the westside drains a much larger portion of the City thanthe canal onthe east side.

. v Option #3 —Bioswales:

- : : ! . Zodl Option three includes three bioswales to treatrunoff from the golf course and surrounding areas. In addition, thetwo
o southernmostbioswales are strategically locatad to improve drainage for flooding issues. All threedrain directly into

the pond system, thereby cresting a trestment train for watarquality improvements.

Site ID Golf Course Latitude Ciy-wide
Project Name Palmeto Pines Longitude Cry-wide
: . Date of Field Visit 3/18/2015 Street Address Muiiple
! - Field Visit Personnel DS, EB Landowner City of Cape Coral

-

Aprrox, 12' Top Width

Approx. 6' Bottom Width

- 2:1 Side Slope

HO3LVvdl3l

1' 6" Engineered Soil Media Layer

B
6" Gravel Drainage Layer
: v y
4" Underdrain

Imacery 82015, DigitalGlobe. US. Geological Survey | Terms of Use | Report & map error

'Y
LI9IHX4

Example Bioswale Cross Section
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2. P1-1042: SE 10th Place Parking Lot -
Bioretention Retrofit

ProjectLocation andDescription

The project is located in the City owned parking lot at SEP1ce between SE @6ane and SE %7

Terrace. There are several businesses and facilities surrounding the parking lot including the Fraternal
Order of Eagles, Elks Lodge, Laak 47, Dixie Roudhouse, Cape Coral Bingo, Back Streets Sports Bar,
Salon at Club Square, La Venezia Ballroom, and Team Aubugigare A2-1 shows the project

location.

City of Cape Coral N 0 250 500 1,000

Proposed BMP Site A — = @ TETRA TECH

NAD_1983_UTM_17N Meters
03.09.2015 C. Helfrich

Figure A2-1. Project location for site P1L042

This project proposes replacing the existing grass medians in the parking lot with bioretention.
Bioretentioncells are depressions filled with 1.5 to 3 feet of engineered soil media and planted with

drought and flood tolerant plants. The distance from the bottom of the practice to the top of the

seasonal high water table should not be less than 0.5 feet. Stater drains into the surface of the

bioretention cell and, as the water infiltrates through the soil media, the soil and plants remove a
LRNIAZ2Y 2F LRffdzityidao hyOS (GKS aG2NXgsF GSNI Ay T
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drained into tke native soil or out of the device through an underdrain pipe. Most bioretention cells are
designed so that between a half foot and one foot of water can pond in the cell during a rain event. A
weir is included in the bioretention cell to bypasscess ater above the ponding depth. Since
bioretention areas use mulch and a variety of shrubs and small trees, they can be easily incorporated
into existing landscapinglhese types of devices are a good option for the City, particularly for new
parking lotsand as a retrofit for existing parking lots as is being proposed here.

The total contributing drainage area is approximately 5.3 acres and encompasses the entire parking lot
on the East and West side of SE' Rlace. The parking lots are graded to difémt towards the grass
medians and then into stormwater pipes that flow East to West as shoWwigure A2-2.

PRt
"’ ‘ i

Figure A2-2. Existing drainage pattern for site 2042

BMP Sizing

As a general guideline, bioretention should occupy at least 5 to 7 percent of the drainage area to treat
the first inch of runoff (first flush). Other guidance, suchhas provided by EPA, recommends that
bioretention treat the 8%' to 95" percentile storm event which for the City was calculated to be about
1.27 to 2.19 inches respectively. Because this BMP is being implemented as a retrofit to improve the
overall water quality of the City and to work towards meeting the requirementse@fdhloosahatchee
BMAP, site constraints, existing dimensions, and cost are the main considerations regarding size.
However, the guidelinesientioned above are important factors in determining whether a site has
adequate area for effective treatment. Fis project, the area available fordvetention represents

about 5.14percent of the drainage area. Thus, the suggested retrofit configuration of the area available
for bioretention should be considered adequate for cost effective treatment
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BMP Coneptual Layout

The suggested BMP configuration is intended to convert the existing catch basin/grass areas into
bioretention cells in order to capture concentrated sheet flow from the East and West parking lots for
treatment. The location utilizestheefiids y 3 RNJI Ayl 3S LI GOSNIYSEL iR NAYQR
excavation, grading, demolition, and piping. The BMP configuration and typicakecigm details are

provided in Exhibit A.1.

Overflow Structure

During online flow all runoff from the drimage area flows into the bioretention system. Flows that
exceed the design capacity exit the bioretention area via an overflow structure or weir. The following
considerations should be included in the final overflow design:

The overflow device must coay runoff to the storm sewer.

Common overflow systems within bioretention consist of an inlet structure, where the top of
the structure is placed at the maximum ponding depth of the bioretention area, which is
typically between 6 to 12 inches above thefage of the filter bed.

1 The overflow device should be scaled to the application.

1 Atleast 3 to 6 inches of freeboard must be provided between the top of the overflow device and
the top of the bioretention area to ensure that nuisance flooding will not occu

Soil Media

The bioretention cells should be designed to have soil media that meets the following specifications:

For safety and ease of maintenance, side slopes should be no steeper than 3h:1v.

At least 18 inches of soil media should be added aboveitiderdrain layer to create an
acceptable filter.

9 The soil media should be obtained from an approved vendam@nrufactured onsite to
acceptable specificatioh$o create a consistent, homogeneous fill media.

1 The soil media should have a porosity of 30ceeat and be capable of infiltration rates of 0.5
in/hr or greater under compaction and should be free of rubbish, deleterious material,
toxicants, declared plants and local weeds (as listed in local guidelines/acts), and should not be
hydrophobic.

i The soimedia should contain some organic matter for increased water holding capacity but be
low in nutrient content.

The recommended soil mixture and recommended media testing and specified ranges is siaiein
A2-1.
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Table A.2-1. Soil Media Specifications

Material Specification Notes
M 85-88% sand The volume of filter media should be
Filter Media 1 8-12% soil fines based on 110% of the product of the
Composition f  3-5% organic matter in form of surface area and the media depth, to
leaf compost account for settling.

1 Mehlich-I Extractable mg/kg = 10-25 (This is enough phosphorus to
support plant growth without exporting phosphorus from the cell.)

Filter Media Testing | § Cation Exchange Capacity (CEC) greater than 10

1 Soil pH between 5.5 and 7.0

1 Mix on-site or procure from an approved media vendor

4 inch surface depth of loamy sand or sandy loam texture, with less than 5%

clay content, a corrected pH of 6 to 7, and at least 2% organic matter

Permeability Infiltration should be 0.5 in/hr or greater

Top Soil

It may be advisable to start with an opgnaded coarse sand material and proportely mix in topsoil
that will contain anywhere from 30 to 50 percent soil fines (sandy loam, loamy sand) to achieve the
desired ratio of sand and fines. An additional 3 to 5 percent organic matter can then be added. (The
exact composition of organic matter and topsoil material wallyy making particle size distribution and
the recipe for the total soil media mixture difficult to define in advance of evaluating the available
material.)

Choking Layer

A 2 to 4 inch layer of choker stone (e.qg., typically ASTM D448 No. 8 or No. 89 yashedshould be
placed beneath the soil media and over the underdrain stone.

Underdrains

The underdrain should be 4 or 6 inch perforated schedule 40 PVC pipe with 3/8 inch perforations at 6
inches on center. The underdrain must be encased in a laydearf, washed ASTM D448 No.57 stone.
The number and diameter of the underdrains used must be sized so that the bioretention system fully
drains within 72 hours or less.

Plant Selection
For the bioretention cells to function properly as stormwateratment and enhance the landscape,
vegetation selection is crucial. Appropriate vegetation will have the following characteristics:
1 Plant materials must be tolerant of drought, ponding fluctuations, and saturated soil conditions
for 10 to 48 hours.

9 Itis recommended that a minimum of three tree, three shrub, and three herbaceous
groundcover species be incorporated to protect against facility failure from disease and insect
infestations of a single species.

1 Native plant species or hardy cultivars thag¢ aiot invasive and do not require chemical inputs
are recommended to be used to the maximum extent practicable.
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It is recommended that the planting plan be prepared by a qualified landscape professional (e.g.,
licensed professional landscape architecttified horticulturalist) in order to tailor the planting plan to

the sitespecific conditions. However, a selection of plant species, along with additional details including
the recommended spacing, container size, and light requirements, is providebla A2-2.

Table A.2-2. Plant Species for Bioretention

Container

Common name Scientific Name Spacing| Size Light
Dahoon holly llex cassine 10'0.C| 3 gal full sun to partial shade
Cabbage palm Sabal palmetto 10'0.C| 3 gal full sun to partial shade
Wax myrtle Myrica cerifera 5'0.C. | 1 gal full sun to partial shade
Shyny lyonia lyonia lucida 5'0.C. | 1gal full sun to partial shade
Dwarf yaupon holly llex vomitoria cv.Schellings 50.C. | 1gal part shade/part sun
Saw palmetto Serenoa repens 5'0.C. | 3 gal full sun to full shade
American beautyberry | Callicarpa americana 5'0.C. | 1gal part shade/part sun
Sand cord grass Spartina bakeri 50.C. | 1gal full sun
Blue maidencane Amphicarpum muhlenbergianum 3' O.C. | 4" pot partial shade
Muhly grass Muhlenbergia capillaris 3'0.C. | 1 gal full sun

Notes:Planting elevations relative to established water surfalevations. O.C. = on center

Operations and Maintenance

Maintenance activities for bioretention should be focused on the major system components, especially
landscaping and the overflow structures. Landscaped components should blend over time through pla

and root growth, organic decomposition, and develop a natural soil horizon. The biological and physical
LIN2E OS&dasSa 20SN) GAYS gAff fSyadkKSy GKS FTFOAfAGE Q2
The primary maintenance requirement fdra overflow structures consists of regular inspection for

clogging.

Irrigation for the bioretention cells might be needed, especially during plant establishment or in periods
of extended drought. Irrigation frequency will depend on the season and typegeftation. Native
plants might require less irrigation than nawative plants.

Table A2-3 outlines the required maintenance tasks, their associated frequencynates to expand on
the requirements of each task.
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Table A.2-3. Maintenance Tasks for Bioretention

and drainage

Task Frequency Maintenance Notes
Inspect drainage time (24 hours).Might have to
Monitoring infiltration . determine infiltration rate (every -3 years).Turning
1 time/year

over or replacing the media (top2inches) might be
necessary to improve infiltration (at least 0.5 in/hr).

Nutrients in runoff often cause bioretention vegetatio

Pruning 1-2 timeslyear to flourish.

Mowing 2-12 times/year Frequerjcy depends on the location and desired
aesthetic appeal.

Mulching 1-2 times/year Recommend maintaining 43" uniform mulch layer.

Mulch removal

1 time/2-3 years

Mulch accumulation reduces available water storage
volume. Removal of mulch also increases surface
infiltration rate of fill soil.

1 time/2-3 days for first

If drought conditions existyatering after the initial

Watering 1-2 months; sporadically ; :
after establishment year might be required.
Fertilization 1 time initially Onetime spot fertilization for first year vegetation.

Remove and replace
dead plants

1 time/year

Within the first year, 10% of plants can digurvival
rates increasavith time.

Inlet inspection

Once after first rain of
the season, then monthly
during the rainy season

Check for sediment accumulatiom ensure that flow
into the retention area is as designedRemove any
accumulated sediment.

Outlet inspection

Onceatfter first rain of
the season, then monthly
during the rainy season

Check for erosion at the outlet and remove any
accumulated mulch or sediment.

Miscellaneous upkeep

12 timesl/year

Tasks include trash collection, plant health, spot
weeding, and removingiulch from the overflow
device.

Total Nitrogen Load Impacts

SUSTAIN was used to quantify potential water quality benefits achieved by implementing the
bioretentionBMP. The simulations were run for a 17 year period from January 1, 1996 through
December 31, 2013Table A2-4 and Figure A2-3 highlight the total annual load reduction for total
nitrogen (TN). Time series data were available from the model. Water quality benefits are realized
through loss of pollutant mass viaiitfation by increasing the residence time and through pollutant
uptake from the vegetation withithe BMP.
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Table A.2-4. SUSTAIN model load reductions for Site P1-1042

Averagge Annual
. Average Annual Loads .
Constituent 9 Reduction
PreBMP | PostBMP Reduction | Percent
Volume (fé) 1,070,050 739,156 330,895 31%
Total Nitrogen (Ibs) 311 122 189 61%
@ 1,200,000 PreBMP 8 350 PreBMP
T 1,000,000 T 30
S 800,000 PostBMP 3 20
® T 200
2 600,000 2
g & 150 PostBMP
% 400,000 % 100
g 200,000 2 50
>4 >4
Volume Total Nitrogen

Figure A2-3. SUSTAIN model load reductions for Site-2Q42

Cost Opinion

The estimated costs of implementing bioretention at the @ityned parking lot are presented Trable
A2-5. These costs are presented for planning purposes only. Actual costs will likely vary from those
presented here. The cost per pound removed of TN for this BMP is estimated to be 86810
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Table A.2-5. Cost Opinion

Item No Description Quant. Unit gggt Total
Preparation
1 | Temporary Construction Fenq 1,000 | LF $2.50| $2,500.00
Silt Fence 1,000 | LF $3.00| $3,000.00
Site Preparation
3 | Excavation and Removal 1,750 | CY $8.52| $14,910.00
Bioretention $0.00
4 | 4inch Perforated Pipe 1,750 | LF $2.00( $3,500.00
5 | GravelSubbase 6 inches 12,000 | SF $0.55( $6,600.00
6 | Fine Grading 12,000 | SF $0.72( $8,640.00
7 | Soil Amendments 200 CY $13.001 $2,600.00
Landscaping
8 | Vegetation 12,000 | SF $4.00| $48,000.00
Construction Subtotal $89,750.00
9 | Utility Adj (5% of subtotal) $4,487.50
10 | Planning (10% of subtotal) $8,975.00
11 | Design (30% of subtotal) $26,925.00
12 | Mobilization (10% of subtotal) $8,975.00
13| Contingency (15% of subtotal $13,462.50
Construction Total $152,575.00
14 | 20-Year O&M | 12,000 | SF $2.28| $27,360.00
Total Cost $179,935.00

Design Details and Drawings

The conceptual plan and cressection details are provided Bxhibit A2.
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: 3 Site Location

Site ID P1-1042 Latitude 26° 33 52.68°N
Project Name T8D Longitude 81° 57 09.07"W
Date of Field Visit 12/08/2014 Street Address SE 107 Street
Field Visit Personnel EB, DS Landowner City of Cape Coral
Existing outlet routes to main - BE : ‘ This project proposes repiacing e exising grass medians in te parking lot wiih bioretenon. Bioretenton
stormwater on SE 9t Place g ME : ! : celis are depressions flled with 1.51to 3 feet of engineered soil media and planted with drought and food
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should not be less than 0.5 feet  Stormwater drains into the surface of the bioretenton cell and, as the water
infitrates  through the soil media, the soil and plants remove a porion of poliutants.  Once the stormwater
infitrates through the treament celfs soi media, & is drained inio the naive soil or out of the device through
an underdrain pipe. Most bioretention celis are designed so that between a half foot and one foot of water
can pond in the cell during a rain event. A weir is included in the bioretention cell fo bypass excess water
abovethe ponding depth. Since bioretention areas use muich and a variety of shrubs and smal trees, they
can be easily incorporated info exising landscaping. These types of devices are a good opton for Cape
Coral, particularly for new parking lots and as a retroft for exising parking lots as is being proposed here.
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3. Dry Swales

ProjectDescription

This project proposes replacing existing stormwater conveyance channels (grass chartinels)

swales. Most ofhe multifamily, single family, and low density residential areas in the City utilize grass
channels and are good candidates for dry swale resofithe retrofit generally includes restoring the
capacity of the existing grass channels for stormwateveganceandadding a premixed soil filter

system and underdrain to treat and return the stormwater to the conveyance system further
downstream. The dry swale design features will ensure that infiltration of stormwater will not depend
only on the infiltrdion rate and nutrient removal capacity of the existing soils. Only in special
circumstances where natural soil and groundwater conditions consistently provide the right sail
chemistry and infiltration rates will a traditional drainage/grassed channdfjdgzovide the same

water quality benefits as a dry swale design.

The dry swale retrofit should consist of a depression filled with 1.5 to 2 feet of engineered soil media,
which is covered with either drought/flood tolerant grass or sod. The distanoe the bottom of the
practice to the top of the seasonal high water table should not be less than 0.5 feet for most
applications; however, there will be instances in the City where dry swale retrofits will need to include
provisions to operate as a wet ale during the wet season because the distance will be less than 0.5
feet (or within the water table itself). One positive of this condition might be improved drainage that
will help to reduce flooding during the wet season.

Sormwater drains otto the suface of the dry swaland ashe water infiltrates through the soil media,
it is drained either into the native soil, or out of the soil media through an underdrain pipe. The dry
swale retrofits will generally be designed to provide one or more feet aflpw capacity for rain
events. Culverts are provided below driveways for conveyance downstream to the canal system.
Because most of the residential areas within the City already use grass channels for stormwater

conveyance, retrofitting these channelswi K RNE a gl t S&a aK2dzZ R 6S SI aaft

long term stormwater management plan as a cost effective practice.

The contributing drainage area to each swale includes road drainage and runoff from each residential lot
where a dry swale Wibe installed. Runoff from the residential parcels includes rooftop area, driveways,
and yards.Figure A3-1 shows the multifamily, single family, and low denségidential areas that

should be considered for dry swale retrofits and prioritization.

The costs and costs per pound removed in this concept plan are based on multifamily residential
implementation because aitifamily residential areas should be priozi¢d first, followed by single
family residential, followed by low density residential.

The AlM/Tetra Tech team encourages the City to consider implementing a pilot program to study the
effectiveness of enhanced dry swales at removing TN in the City. ro¢pam would enable the City to
evaluate different combinations of filter media and other design considerations to determine local
removal efficiencies compared to the existing grass channels. In addition, the program will help pinpoint
the best overall dsign for distributed implementation should the concept prove cost effective.
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Legend

Low-Density Residential

- Single Family Residential
B it Family Residential

City of Cape Coral N 0 05 1 2.
Potential Area-Wide Swale Treatment S S— e @ TETRA TECH
NAD_1983_UTM_17N 9 ! 2 Kilometers

01.22.2015 C. Helffrich

Figure A3-1. Residential Parcels Where Dry Swale Retrofits are Recommended
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BMP Sizing

The maximum contributing drainage area to a dry swale should be less than five acres. Depending on
the amount of impervious cover, the footprint should be between 3 and 10 percent of the contributing
drainage area. For the residential parcels in the Witgre dry swales are recommended, it is

anticipated that the swale footprint will be about 5 percent of the contributing drainage area. Because
this BMP is being implemented as a retrofit to improve the overall water quality of the City and to work
towards meeting the requirements of the Caloosahatchee BMAP, site constraints, existing dimensions,
drainage capacity, and cost are the main considerations regarding size. However, the guidelines
mentioned above are important factors in determining whetheita has adequate area for effective
treatment. Based on the planned implementation strategy of prioritizing residential areas, the area
expected to be available for dry swale retrofits is adequate for cost effective treatment.

BMP Conceptual Layout

The siggested dry swale retrofits will generally match the geometry of the existing grass drainage
channels with identical lengths and very similar widths and depths. However, depending on the capacity
required to minimize flooding, there may be instances vehigre existing conveyance channel will need

to be widened or deepened. Each site or area should be hydrologically/hydraulically evaluated during
the design process. A typical dry swale retrofit and typical esesson details are provided in Exhibit

A2

Soil Media

The dry swales should be designed to have a soil media and geometry that meets the following
specifications:

1 For safety and ease of maintenance, side slopes should be no steeper than 2h:1v.

9 Atleast 18 inches of soil media should be addedvalibe underdrain layer to create an
acceptable filter.

9 The soil media should be obtained from an approved vendam@nrufactured onsite to
acceptable specificatiohso create a consistent, homogeneous fill media.

9 The soil media should have a porositpand 30 percent and be capable of infiltration rates of
0.5 in/hr or greater under compaction and should be free of rubbish, deleterious material,
toxicants, declared plants and local weeds (as listed in local guidelines/acts), and should not be
hydrophobt.

9 The soil media should contain some organic matter for increased water holding capacity but be
low in nutrient content.

The recommended soil mixture and recommended media testing and specified ranges is shabiein
A3-1.
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Table A.3-1. Soil Media Specifications

Material Specification Notes
M 85-88% sand The volume of filter media should be
Filter Media 1 8-12% soil fines based on 110% of the product of the
Composition f  3-5% organic matter in form of surface area and the media depth, to
leaf compost account for settling.

1 Mehlich-I Extractable mg/kg = 10-25 (This is enough phosphorus to
support plant growth without exporting phosphorus from the cell.)

Filter Media Testing | § Cation Exchange Capacity (CEC) greater than 10

1 Soil pH between 5.5 and 7.0

1 Mix on-site or procure from an approved media vendor

4 inch surface depth of loamy sand or sandy loam texture, with less than 5%

clay content, a corrected pH of 6 to 7, and at least 2% organic matter

Permeability Infiltration should be 0.5 in/hr or greater

Top Soil

It may be advisable to start with an opgnaded coarse sand material and proportionately mix in topsoll
that will contain anywhere from 30 to 50 percent soil fines (sandy loam, loamy sand) to achieve the
desired ratio of sand and fines. An additional 3 ebcent organic matter can then be added. (The
exact composition of organic matter and topsoil material walry, making particle size distribution and
the recipe for the total soil media mixture difficult to define in advance of evaluating the available
material.)

Choking Layer

A 2 to 4 inch layer of choker stone (e.g., typically ASTM D448 No. 8 or No.l&@lweaavel) should be
placed beneath the soil media and over the underdrain stone.

Underdrains

The underdrain should be 4 or 6 inch perforated schedule 40 PVC pipe with 3/8 inch perforations at 6
inches on center. The underdrain must be encased in a tdygdean, washed ASTM D448 No.57 stone.
The number and diameter of the underdrains used must be sized so that the dry swale system fully
drains within 72 hours or less.

Operations and Maintenance

Maintenance activities for the dry swales should be foduse the major system components,

especially inflow and outlets. In most cases, landscaped components will be maintained by home
owners. However, appropriate fertilizer rates, good mowing practices, and other related maintenance
procedures should be disssed with the home owners following construction.

Table A3-2 outlines the required maintenance tasks, their associated frequency, and notes to expand on
the requirements of each task.
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Table A.3-2. Maintenance Tasks for Dry Swales

Task Frequency Maintenance Notes
Inspect drainage time (24 hours).Might have to
Monitoring infiltration 1 time/vear determine infiltration rate (every -8 years).Turning
and drainage y over or replacing the media (tap3 inches) might be
necessary to improve infiltration (at least 0.5 in/hr).
acrzzcsk and repair eroded 1 timelyear Eroding banks can reduce the capacity of the swale.
Mowing As needed DNl &4 aKz2dzZ R 06S Y®#&SR (2
. 1time/2-3 d.ays for ﬁrst If drought conditions exist, watering after the initial
Watering 1-2 months; sporadically ear miaht be required
after establishment y 9 q '
Fertilization 1 time initially Onetime spot fertilization for first year vegetation.
. . . Check for erosion at the outlet and remove any
Oultlet inspection 1 timelyea .
accumulated sediment.
. . Tasks include trasiind debriscollection, plant health,
Miscellaneous upkeep 1 timelyear

spot weeding, and removingediment

Total Nitrogen Load Impacts

SUSTAIN was used to quantify potential water quality benefits achieved by implementing dry swales in
multifamily residential areas, single family residential areas, and low density residential areas. The
simulations were run for a 17 year period from Jaryl, 1996 through December 31, 20I3able

A.3-3 andFigure A3-2 highlightthe total annual load reduction for total nitrogen (TN) for each or the
multifamily residential classification. Time series data were available from the model. Water quality
benefits are realized through loss of pollutant mass via infiltration and tjindmproved nutrient

absorption and pollutant uptake from the vegetation within the BMP.

Table A.3-3. SUSTAIN Model Load Reductions for the Dry Swales for One Acre of Multifamily Residential

Treatment
Average Annual
Constituent AETERE ATTIVEL LEEEE Reduction
PreBMP | PostBMP Reduction | Percent
Volume (ff) 107,153 76,623 30530 28%
Total Nitrogen (lbs) 18 11 7 43%
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Figure A3-2. SUSTAINModel Load Reductions for the Dry Swales for One Acre of Multifamily
Residential Treatment

Cost Opinion

The estimated cost of implementing dry swales is presentddbie A3-4 on a per acre basis and
assumes the following swale dimensions:

1) Length = 188 feet

2) Top Width = 12 feet

3) Bottom Width = 6 feet

4) Swale Depth = 1.5 feet

5) Soil Media Depth = 1.5 feet
6) Gravel Layer =.b feet

These costs are presented for planning purposes only. Actual costs will likely vary from those presented
here. The cost per pound removed of TN for this BMP is estimated to be about $962.00 per acre for
multifamily residential, $2,208.00 per adi@ single family residential, and $3,613.00 per acre for low
density residential.

A-32



FINAL 2015 Cape Coral Stormwater Water Quality Management Plan Appendix A

Table A.3-4. Cost Opinion

Unit
Item No Description Quant. Unit Cost Total
Preparation
1 | Erosion Control 40| LF $2.50 $100.00
Site Preparation
2 | Excavation and Removal 84| CY $8.52 $711.89
Bioretention
3 | 4inch Perforated Pipe 188 | LF $1.06 $199.28
4 | GravelSubbase 6 inches 1128 | SF $0.55 $620.40
5 | Fine Grading 2444 | SF $0.72| $1,759.68
6 | Soil Amendments 5| CY $13.00 $61.10
Landscaping
7 | Sod 2444\ SF $0.55| $1,344.20
Construction Subtotal $4,796.55
8 | Planning (10% of subtotal) $479.66
9 | Design (5% of subtotal) $239.83
10 | Mobilization (5% o$ubtotal) $239.83
11 | Contingency (15% of subtotal $719.48
Construction Total $6,475.35
12| 20-Year 0&M | 2444|SF | 3$0.44| $1,075.36
Total Cost $7,550.71

Design Details and Drawings

The conceptual plan and cressction deails areprovided in Exhibit 4.
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Retrofit Bioretention would treat
runoff from parking lot

Existing runoff
storage area is
ineffective

Project Narrative

This project proposesreplacing existing stormwater conveyance channek (grasschannek) withdry swales.
Most of the multifamily, single family, and low density residentid areas inthe City utilize grasschannels
and aregood candidates for dry swalkeretrofits. Theretrofit generally includes restoring the capacity of
the existinggrass channels for stormwater conveyance and adding a pre-mixed soil filter systemand
underdrainto treat and return the stormwater to the conveyance system further downstream. Thedry
swaledesgnfeatures will ensure that infiltration of stormwater willnot depend only on the infiltration
rate and nutrient removal capacity of the existing soils. Only in special circumstances where natural soil
and groundwater conditions consistently provide theright soilchemistry and infitration rateswill a
traditional drainage/grassed channel design provide the same water quality benefits as a dry swaledesign.

Site Location

Site ID

Project Name

Date of Field Visit
Field Visit Personnel

Latitude Ciy-wide
Dry Swales Longitude Cry-wide
NIA Street Address Mulipie
N/A Landowner City of Cape Coral

NOLLYD01

INJFNWLYIEL ITVMS FAIM-ALIOD ,
NY1d INJWIDVYNYIN ALITYND HILYM TYHOO 3dVO 40 ALID

Example Project site, 5% Place SE facing north

Example Project site, 5% Place SE facing north
with proposed vegetated swake

Aprrox. 12' Top Width

Approx. 6' Bottom Width

2 2:1 Side Slope

N

1' 6" Engineered Soil Media Layer

A
6" Gravel Drainage Layer
N

4" Underdrain

Example Vegetated Swale Cross Section
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4. P1-1034: Del Prado Mall -
Parking Lot Retrofit

ProjectLocation andDescription

The project is located in the City owned parkingdbbel PraddMall directly off of Del Prado Blvd.
There are several businesses and facilitigs Asurrounding the parking lot includitax,TBlanet Fitness,
' NRyYyQasz / AOAQa tandRaityTityEigu iM1NGows/the ptdjecthodation.S (i =

Streets
P1-1034 DrainageArea TTREIT

l' ng I au.l‘."'
1'»-1 J P
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’*I U et ‘J W.‘
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Figure Ad-1. Project Location for Site R1034

This project proposes replacing the portiongtod existing parking lot with bioretention. Bioretention

cells are depressions filled with 1.5 to 3 feet of engineered soil media and planted with drought and

flood tolerant plants. The distance from the bottom of the practice to the top of the seasonal high

water table should not be less than 0.5 feet. Stormwater drains into the surface of the bioretention cell
and, as the water infiltrates through the soil media, the soil and plants remove a portion of pollutants.
Once the stormwater infiltrates througiktS G NB I G YSy 4 OStt Qa &az2if YSRAL
or out of the device through an underdrain pipe. Most bioretention cells are designed so that between

a half foot and one foot of water can pond in the cell during a rain event. A wedlisled in the

bioretention cell to bypass excess water above the ponding depth. Since bioretention areas use muich
and a variety of shrubs and small trees, they can be easily incorporated into existing landscaping. These
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types of devices are a goodtam for the City particularly for new parking lots and as a retrofit for
existing parking lots as is being proposed here.

The total contributing drainage area is approximately 4.5 acres and encomadidbesparking lots of
Del Prado Mall. The parkihgts are graded to direct flow towards the east end and then into
stormwater pipes as shown in thidgure Ad-2.

S
o o >

L£m3|c

Figure Ad-2. Existing Drainage Patterns for Site-E134

Imagery £2015 . DigitalGlobe. U.S. Geclogical Survey | Terms of Use | Report a map efror

BMP Sizing

As a general guideline, bioretentishould occupy at least 5 to 7 percent of the drainage area to treat
the first inch of runoff (first flush). Other guidance, such as that provided by EPA, recommends that
bioretention treat the 8%' to 95" percentile storm event which for the City wadaadated to be about

1.27 to 2.19 inches respectively. Because this BMP is being implemented as a retrofit to improve the
overall water quality of the City and to work towards meeting the requirements of the Caloosahatchee
BMAP, site constraints, existidgnensions, and cost are the main considerations regarding size.
However, the guidelines mentioned above are important factors in determining whether a site has
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adequate area for effectivireatment. For this project, the area available for bioretentrepresents
about 6.68 percent of the drainage area. Thus,dhggested retrofit configuration of the area available
for bioretention should be considered adequate for cost effective treatment.

BMP Conceptual Layout

The suggested BMP configuratioringended to convert portions of the existing parking lot into

bioretention in order to capture concentrated flow from the parking lot for treatment. The location

dzi At AT S& GKS SEA&GAY3T RNMMWISES (LA Gvih S/NaadiRg, ISy S EXOY X
demolition, and piping. The BMP configuration and typical esesion details are provided in Exhibit

A.3.

Overflow Structure

During online flow all runoff from the drainage area flows into the bioretention system. Flows that
exceed the designapacity exit the bioretention area via an overflow structure or weir. The following
considerations should be included in the final overflow design:

The overflow device must convey runoff to the storm sewer.

Common overflow systems within bioretentionreist of an inlet structure, where the top of
the structure is placed at the maximum ponding depth of the bioretention area, which is
typically between 6 to 12 inches above the surface of the filter bed.

1 The overflow device should be scaled to the appidsat

1 Atleast 3 to 6 inches of freeboard must be provided between the top of the overflow device and
the top of the bioretention area to ensure that nuisance flooding will not occur.

Soil Media

The bioretention cells should be designed to have soil mdditirheets the following specifications:

1 For safety and ease of maintenance, side slopes should be no steeper than 3h:1v.

9 Atleast 18 inches of soil media should be added above the underdrain layer to create an
acceptable filter.

9 The soil media should be obtained from an approved vendam@nrufactured onsite to
acceptable specificatioh$o create a consistent, homogeneous fill media.

1 The soil media should have a porosity of 30 percent and be capable of infiltration rates of 0.5
in/hr or greater under compaction and should be free of rubbish, deleterious material,
toxicants, declared plants and local weeds (as listed in local guidelines/acts), and should not be
hydrophobic.

1 The soil media should contain some organic matter fordased water holding capacity but be
low in nutrient content.

The recommended soil mixture and recommended media testing and specified ranges is siaiein
A4-1.
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Table A.4-1. Soil Media Specifications

Material Specification Notes
M 85-88% sand The volume of filter media should be
Filter Media 1 8-12% soil fines based on 110% of the product of the
Composition f  3-5% organic matter in form of surface area and the media depth, to
leaf compost account for settling.

1 Mehlich-I Extractable mg/kg = 10-25 (This is enough phosphorus to
support plant growth without exporting phosphorus from the cell.)

Filter Media Testing | § Cation Exchange Capacity (CEC) greater than 10

1 Soil pH between 5.5 and 7.0

1 Mix on-site or procure from an approved media vendor

4 inch surface depth of loamy sand or sandy loam texture, with less than 5%

clay content, a corrected pH of 6 to 7, and at least 2% organic matter

Permeability Infiltration should be 0.5 in/hr or greater

Top Soil

It may be advisable to start with an opgnaded coarse sand material and proportionately mix in topsoll
that will contain anywhere from 30 to Sfkrcent soil fines (sandgam, loamy sand) to achieve the
desired ratio of sand and fines. An additional 3 ebcent organic matter can then be added. (The
exact composition of organic matter and topsoil material will vary, making particle size distribution and
the recipe fo the total soil media mixture difficult to define in advance of evaluating the available
material.)

Choking Layer

A 2 to 4 inch layer of choker stone (e.g., typically ASTM D448 No. 8 or No. 89 washed gravel) should be
placed beneath the soil media and ovbe underdrain stone.

Underdrains

The underdrain should be 4 or 6 inch perforated schedule 40 PVC pipe with 3/8 inch perforations at 6
inches on center. The underdrain must be encased in a layer of clean, washed ASTM D448 No.57 stone.
The number and dimeter of the underdrains used must be sized so that the bioretention system fully
drains within 72 hours or less.

Plant Selection
For the bioretention cells to function properly as stormwateratment and enhance the landscape,
vegetation selection is crucial. Appropriate vegetation will have the following characteristics:
1 Plant materials must be tolerant of drought, ponding fluctuations, and saturated soil conditions
for 10 to 48 hours.

9 Itis recommended that a minimum of three tree, three shrub, and three herbaceous
groundcover species be incorporated to protect against facility failure from disease and insect
infestations of a single species.

1 Native plant species or hardy cultivars thag¢ aiot invasive and do not require chemical inputs
are recommended to be used to the maximum extent practicable.
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It is recommended that the planting plan be prepared by a qualified landscape professional (e.g.,
licensed professional landscape architecttified horticulturalist) in order to tailor the planting plan to

the sitespecific conditions. However, a selection of plant species, along with additional details including
the recommended spacing, container size, and light requirements, is providebla A4-2.

Table A.4-2. Plant Species for Bioretention

Container

Common name Scientific Name Spacing| Size Light
Dahoon holly llex cassine 10'0.C| 3 gal full sun to partial shade
Cabbage palm Sabal palmetto 10'0.C| 3 gal full sun to partial shade
Wax myrtle Myrica cerifera 5'0.C. | 1 gal full sun to partial shade
Shyny lyonia lyonia lucida 5'0.C. | 1gal full sun to partial shade
Dwarf yaupon holly llex vomitoria cv.Schellings 50.C. | 1gal part shade/part sun
Saw palmetto Serenoa repens 5'0.C. | 3 gal full sun to full shade
American beautyberry | Callicarpa americana 5'0.C. | 1gal part shade/part sun
Sand cord grass Spartina bakeri 50.C. | 1gal full sun
Blue maidencane Amphicarpum muhlenbergianum 3' O.C. | 4" pot partial shade
Muhly grass Muhlenbergia capillaris 3'0.C. | 1 gal full sun

Notes:Planting elevations relative to established water surfalevations. O.C. = on center

Operations and Maintenance

Maintenance activitieshouldbe focused on the major system components, especially landscaping and
the overflow structures. Landscaped components should blend over time through plant and root
growth, organic decomposition, and develop a natural soil horizon. The biological and physical
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The primary maintenance requirement for the overflow stures consists of regular inspection for

clogging.

Irrigation for the bioretention cells might be needed, especially during plant establishment or in periods
of extended drought. Irrigation frequency will depend on the season and type of vegetatione Nati
plants might require less irrigation than nawative plants.

Table A4-3 outlines the required maintenance tasks, their associated frequency, and notes to expand on
the requirements of each task.

A41




FINAL 2015 Cape Coral Stormwater Water Quality Management Plan Appendix A

Table A.4-3. Maintenance Tasks for Bioretention

and drainage

Task Frequency Maintenance Notes
Inspect drainage time (24 hours).Might have to
Monitoring infiltration . determine infiltration rate (every -3 years).Turning
1 time/year

over or replacing the media (top2inches) might be
necessary to improve infiltration (at least 0.5 in/hr).

Nutrients in runoff often cause bioretention vegetatio

Pruning 1-2 timeslyear to flourish.

Mowing 2-12 times/year Frequerjcy depends on the location and desired
aesthetic appeal.

Mulching 1-2 times/year Recommend maintaining 43" uniform mulch layer.

Mulch removal

1 time/2-3 years

Mulch accumulation reduces available water storage
volume. Removal of mulch also increases surface
infiltration rate of fill soil.

1time/2-3 days for first

If drought conditions exist, watering after the initial

Watering 1-2 months; sporadically ; :
after establishment year might be required.
Fertilization 1 time initially Onetime spot fertilization for first year vegetation.

Remove and replace
dead plants

1 time/year

Within the first year, 10% of plants can digurvival
rates increase with time.

Inlet inspection

Once after first rain of
the season, then monthly
during the rainy season

Check for sediment accumulation to ensure that flow
into the retention area is as designeBRemove any
accumulated sediment.

Outlet inspection

Once after first rain of
the season, then monthly
during the rainy season

Check for erosion at the outlet and remove any
accumulated mulch or sediment.

Miscellaneousipkeep

12 timesl/year

Tasks include trash collection, plant health, spot
weeding, and removing mulch from the overflow
device.

Total Nitrogen Load Impacts

SUSTAIN was used to quantify potential water quality benefits achieved by implementing the
bioretention BMP. The simulations were run for a 17 year period from January 1, 1996 through
December 31, 2013Table A4-4 and Figure Ad-3 highlight the total annual load reduction for total
nitrogen (TN). Time series data were available from the model. Water quality benefits are realized
through loss of pollutant mass viaiitfation by increasing the residence time and through pollutant
uptake from the vegetation within the BMP.
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Table A.4-4. SUSTAIN Model Load Reductions for Site P1-1034

Average Annual
: Aver Annual L .
Constituent erage Ll Leres Reduction
PreBMP | PostBMP Reduction | Percent
Volume (fé) 901,176 588,618 312,558 35%
Total Nitrogen (Ibs) 279 104 175 63%
£ 1000000  Pre 2 300 PreBMP
£ 800,000 8 250
3 3 200
< 600,000 =
2 2 150 Post
£ 400,000 g BMP
o o 100
& 200,000 g &
G>-> ()
& ) < .
Volume Total Nitrogen

Figure A4-3. SUSTAIN Model Load Reductions for Site FiB4

Cost Opinion

The estimated costs of implementing bioretentianthe City owned parking lot agresented inTable
AA4-5. These costs are presented for planning purposes only. Actual costs will likely vary from those
presented here. The cost per pound removed of TN for this BMP is estimatedatoout $1065.00.
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Table A.4-5. Cost Opinion

Item No Description Quant. Unit gglstt Total
Preparation
1 | Temporary Construction Fenq  1130( LF $2.50( $2,825.00
2 | Silt Fence 1130| LF $3.00( $3,390.00
Site Preparation
3 | Excavation and Removal 1900| CY $8.52| $16,188.00
Bioretention
4 | 4inch Perforated Pipe 1660| LF $2.00| $3,320.00
5| GravelSubbase 6 inches 13000| SF $0.55( $7,150.00
6 | Fine Grading 13000| SF $0.72( $9,360.00
7 | Soil Amendments 240| CY $13.00| $3,120.00
Landscaping
8 | Vegetation 13000( SF $4.00( $52,000.00
Construction Subtotal $97,353.00
9 | Utility Adj (5% of subtotal) $4,867.65
10 | Planning (10% of subtotal) $9,735.30
11 | Design (30% of subtotal) $29,205.90
12 | Mobilization (10% o$ubtotal) $9,735.30
13| Contingency (20% of subtotal $19,470.60
Construction Total $170,367.75
14| 20-Year O&M | 7500{SF | $2.28] $17,100.00
Total Cost $187,467.75

Design Details and Drawings

The conceptual plan and cressction degilsare provided in Exhibit A.
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are depressionsfilledwith 1.5 to 3 feet of engineered soil mediaand planted with drought and flood

Project Narrative

This project proposesreplacing the portions ofthe existing parking lot with bioretention. Bioretentioncells

tolerant plants. Thedistance fromthe bottom ofthe practiceto thetop of the seasonal high water table

should not belesthan0.5 feet. Stormwater drains intothe surface of the bioretentioncelland, asthe
water infitratesthrough the soil mediz the soil and piantsremove a portion of pollutants. Oncethe

stormwater infiltrates through the treatment cellf s soilmedia, it isdrained into the native soil or out ofthe
device throughan underdrain pipe. Most bioretentioncellsare desgned sothat between a halffootand

one foot ofwatercanpondin thecellduring a rainevent. Aweir isincludedinthe bioretentioncellto

bypass excesswater above the ponding depth. Since bioretention areasuse mulch and avariety of shrubs

and smalltrees, they can be easly incorporated into existing landscaping. Thesetypesofdevicesarea
good option for Cape Coral, particularly for new parking lots and as a retrofit for existing parking lotsas
being proposed here.
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Field Visit Personnel EB, DS Landowner City of Cape Coral

is

Site Location

NV1d INJWIOVYNYIN ALITYND HILYM TYHOO de_‘ioi‘:lﬁ

Project site, northern parking lot facing Del Prado Blvd

Project site, northern parking lot facing Del Prado Blvd
with proposed Bioretention

overflow

(Riser Pipe)

Pretreatwent pulch Layer
(Gravel Fringe \
and Filter Strip)

\

g CM'POYKI VH
Ponding Area

Soil Media -

underdrain
(if Requived)
Labev

Example Bioretention Retrofit Cross Section

e g B e aGravel Drainage

HO3LWVYl3il

A4
LI9IHX3

A-45



FINAL 2015 Cape Coral Stormwater Water Quality Management Plan Appendix A

e e i Peak Flow Atenuation v
M : ——— ' Nutrient Uptake v
m&"‘ R en PN . T AR e R i - Sediment Removal v
: Beautfication v i
mv
X
Improved Stream Function ;8
I | -
Planning $9,735 %
Design $29.206 g
Contingency $19.470 L
_.|
Mobilization $9.735 e
Constructon $97,353 =
\ \ 20-year O&M $17,100
L Wooale oonle sal
e — : - i Total Cost $187,468
Project site, southemn parking lot facing Del Prado Blvd Project site, southem parking lot facing Del Prado Blvd with proposed Bioretention
1,000,000 e 300 Pre-BMP -
Average Annual Loads Average Annual Reduction ~RB 556 ﬂ
800,000
Constituent 2 - 3 ; #
= { T 200
Pre-BMP Post-BMP Reduction Percent 2 600000 ] 3 ~
S 500,000 T 150 0
£ g E 3
% 400,000 < Post-BMP
Volume, (ft3) 901,176 588,618 312,558 35% - g 100
: E m
200,000 50 > >:,E<
Total Nitrogen, (Ibs) 279 104 176 63% 1000 +~ g
. Volume Total Nitrogen

A-46



FINAL 2015 Cape Coral Stormwatater Quality Management Plan Appendix A

5. P1-1031: Cape Coral Sports Center -
Detention Basin Retrofit

ProjectLocation andDescription

The project is locatkin the City owned detention basat the Cape Coral Sports Center. Thidifg

includes four baseball fields, five softball fieldad a playgroundFigure A5-1 shows the project
locationand drainage area

Legend
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P1-1031 Drainage Area

i

Lok T

L Ex 18THA

E|
2y
i
* LT
(&)

CHIQUITAY.

w1 SURF SIDE yed

N Y | y ~ M — — \lcters
‘ 5 i Pl : 10 100 200 400 =i
i W 21, 1y . AfSHBU_RYf | ’ A7TH § i SN i ———— - 1

Figure A5-1. Project Location for Site R1031

This project proposeeplacing the existing detention basivith bioretention. Bioretention cells are
depressions filled with 1.5 to 3 feet of engineered soil media and planted watgtit and flood

tolerant plants. The distance from the bottom of the practice to the top of the seasonal high water

table should not be less than 0.5 feet. Stormwater drains into the surface of the bioretention cell and,

as the water infiltrates througkthe soil media, the soil and plants remove a portion of pollutants. Once

GKS aG2NXNol GSNIAYTFTAEGONI (S8 GKNRIAK GKS GNBI GYSy(
of the device through an underdrain pipe. Most bioretention cells asghed so that between a half

foot and one foot of water can pond in the cell during a rain event. A weir is included in the

bioretention cell to bypass excess water above the ponding depth. Since bioretention areas use mulch

and a variety of shrubs araall trees, they can be easily incorporated into existing landscaping. These
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types of devices are a good option the City and in this case presents an excellent opportunity as a
retrofit of an existing detention basin.

The total contributing drainagarea is approximately 4.4 acrasdincludes the entire parking ardar
the Cape Coral Sports Center. The parking lots are graded to direct flow towards swales as shown in
theFigure Ab6-2.

_{37_.‘
I © 2015 Google
Imageny Pata1995'31/2014 26°37%37.56" N 82°01'15.03"W elev 8ft eyealt 1744 ft

{50 )Qk‘ earth
C

Figure A5-2. Existing Drainage Patterns for Site-Fl31

BMP Sizing

As a general guideline, bioretenti@hould occupy at least 5 to 7 percent of the drainage area to treat
the first inch of runoff (first flush). Other guidance, such as that provided by EPA, recommends that
bioretention treat the 8% to 95" percentile storm event which for the City wadadated to be about

1.27 to 2.19 inches respectively. Because this BMP is being implemented as a retrofit to improve the
overall water quality of the City and to work towards meeting the requirements of the Caloosahatchee
BMAP, site constraints, existidgnensions, and cost are the main considerations regarding size.
However, the guidelines mentioned above are important factors in determining whether a site has
adequate area for effective treatmentFor this project, the area available for bioretentr@presents

about 4.4 percent of the drainage ardaut could also be increased in size if requirddhusthe
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suggested retrofit configuration of the area available for bioretention should be considered adequate
for cost effective treatment.

BMP Concptual Layout

The suggested BMP configuration is intended to convert the existing detention basin into bioretention in
order to capture concentrated sheet flow from the facilities parking lots for treatment. The location

utilizes the existing drainage p&tNy a8 | YR A&t DFFFAAANBRYATY¥TI S SEOI &
demolition, and piping. The BMP configuration and typical esesion details are provided in Exhibit

A5,

Overflow Structure

During online flow all runoff from the drainage area flowga the bioretention system. Flows that
exceed the design capacity exit the bioretention area via an overflow structure or weir. The following
considerations should be included in the final overflow design:

The overflow device must convey runoff to thersn sewer.

Common overflow systems within bioretention consist of an inlet structure, where the top of
the structure is placed at the maximum ponding depth of the bioretention area, which is
typically between 6 to 12 inches above the surface of the filesd.

1 The overflow device should be scaled to the application.

1 Atleast 3 to 6 inches of freeboard must be provided between the top of the overflow device and
the top of the bioretention area to ensure that nuisance flooding will not occur.

Soil Media

Thebioretention cells should be designed to have soil media that meets the following specifications:

1 For safety and ease of maintenance, side slopes should be no steeper than 3h:1v.

9 Atleast 18 inches of soil media should be added above the underdrain tagegate an
acceptable filter.

9 The soil media should be obtained from an approved vendam@nrufactured onsite to
acceptable specificatiof$o create a consistent, homogeneous fill media.

1 The soil media should have a porosity of 30 percent and be capélifiltration rates of 0.5
in/hr or greater under compaction and should be free of rubbish, deleterious material,
toxicants, declared plants and local weeds (as listed in local guidelines/acts), and should not be
hydrophobic.

1 The soil media should caaith some organic matter for increased water holding capacity but be
low in nutrient content.

The recommended soil mixture and recommended media testing and specified ranges is siaiein
A5-1.
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Table A.5-1. Soil Media Specifications

Material Specification Notes
M 85-88% sand The volume of filter media should be
Filter Media 1 8-12% soil fines based on 110% of the product of the
Composition f  3-5% organic matter in form of surface area and the media depth, to
leaf compost account for settling.

1 Mehlich-I Extractable mg/kg = 10-25 (This is enough phosphorus to
support plant growth without exporting phosphorus from the cell.)

Filter Media Testing | § Cation Exchange Capacity (CEC) greater than 10

1 Soil pH between 5.5 and 7.0

1 Mix on-site or procure from an approved media vendor

4 inch surface depth of loamy sand or sandy loam texture, with less than 5%

clay content, a corrected pH of 6 to 7, and at least 2% organic matter

Permeability Infiltration should be 0.5 in/hr or greater

Top Soil

It may be advisable to start with an opgnaded coarse sand material and proportionately mix in topsoll
that will contain anywhee from 30 to 5(percent soil fines (sandy loam, loamy sand) to achieve the
desired ratio of sand and fines. An additional 3 ebcent organic matter can then be added. (The
exact composition of organic matter and topsoil material will vary, makimtycpgasize distribution and

the recipe for the total soil media mixture difficult to define in advance of evaluating the available
material.)

Choking Layer

A 2 to 4 inch layer of choker stone (e.qg., typically ASTM D448 No. 8 or No. 89 washed gradejeshoul
placed beneath the soil media and over the underdrain stone.

Underdrains

The underdrain should be 4 or 6 inch perforated schedule 40 PVC pipe with 3/8 inch perforations at 6
inches on center. The underdrain must be encased in a layer of clean, waSh&tiD448 No.57 stone.
The number and diameter of the underdrains used must be sized so that the bioretention system fully
drains within 72 hours or less.

Plant Selection
For the bioretention cells to function properly as stormwater treatment and enhamed¢andscape,
vegetation selection is crucial. Appropriate vegetation will have the following characteristics:
1 Plant materials must be tolerant of drought, ponding fluctuations, and saturated soil conditions
for 10 to 48 hours.

9 Itis recommended that eninimum of three tree, three shrub, and three herbaceous
groundcover species be incorporated to protect against facility failure from disease and insect
infestations of a single species.

1 Native plant species or hardy cultivars that are not invasive ambticequire chemical inputs
are recommended to be used to the maximum extent practicable.
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It is recommended that the planting plan be prepared by a qualified landscape professional (e.g.,
licensed professional landscape architect, certified horticultu)alsorder to tailor the planting plan to

the sitespecific conditions. However, a selection of plant species, along with additional details including
the recommended spacing, container size, and light requirements, is providebla A5-2.

Table A.5-2. Plant Species for Bioretention

Container

Common name Scientific Name Spacing| Size Light
Dahoon holly llex cassine 10'0.C| 3 gal full sun to partial shade
Cabbage palm Sabal palmetto 10'0.C| 3 gal full sun to partial shade
Wax myrtle Myrica cerifera 5'0.C. | 1 gal full sun to partial shade
Shyny lyonia lyonia lucida 5'0.C. | 1gal full sun to partial shade
Dwarf yaupon holly llex vomitoria cv.Schellings 50.C. | 1gal part shade/part sun
Saw palmetto Serenoa repens 5'0.C. | 3 gal full sun to full shade
American beautyberry | Callicarpa americana 5'0.C. | 1gal part shade/part sun
Sand cord grass Spartinabakeri 50.C. | 1gal full sun
Blue maidencane Amphicarpum muhlenbergianum 3' O.C. | 4" pot partial shade
Muhly grass Muhlenbergia capillaris 3'0.C. | 1 gal full sun

Notes:Planting elevations relative to established water surface elevations. O.Ccenter

Operations and Maintenance

Maintenance activitieshouldbe focused on the major system components, especially landscaping and
the overflow structures. Landscaped components should blend over time through plant and root
growth, organic decomposin, and develop a natural soil horizon. The biological and physical
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The primary maintenance requirement for the overflow structures consists ofaemspection for

clogging.

Irrigation for the bioretention cells might be needed, especially during plant establishment or in periods
of extended drought. Irrigation frequency will depend on the season and type of vegetation. Native
plants might requie less irrigation than nonative plants.

Table A5-3 outlines the required maintenance tasks, their associated frequency, and notes to expand on
the requirements okach task.
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Table A.5-3. Maintenance Tasks for Bioretention

and drainage

Task Frequency Maintenance Notes
Inspect drainage time (24 hours).Might have to
Monitoring infiltration . determine infiltration rate (every -3 years).Turning
1 time/year

over or replacing the media (top2inches) might be
necessary to improve infiltration (at least 0.5 in/hr).

Nutrients in runoff often cause bioretentioregetation

Pruning 1-2 timeslyear to flourish.

Mowing 2-12 times/year Frequerjcy depends on the location and desired
aesthetic appeal.

Mulching 1-2 times/year Recommend maintaining 43" uniform mulch layer.

Mulch removal

1 time/2-3 years

Mulch accumulation reduces available water storage
volume. Removal of mulch also increases surface
infiltration rate of fill soil.

1 time/2-3 days for first

If drought conditions exist, watering afténe initial

Watering 1-2 months; sporadically ; :
after establishment year might be required.
Fertilization 1 time initially Onetime spot fertilization for first year vegetation.

Remove and replace
dead plants

1 time/year

Within the first year, 10% of plants can digurvival
rates increase with time.

Inletinspection

Once after first rain of
the season, then monthly
during the rainy season

Check for sediment accumulation to ensure that flow
into the retention area is as designeBemove any
accumulated sediment.

Outlet inspection

Once after first rain of
the season, then monthly
during the rainy season

Check for erosion at the outlet and remove any
accumulated mulch or sediment.

Miscellaneous upkeep

12 timesl/year

Tasks include trash collection, plant health, spot
weeding, and removing mulch from the oview
device.

Total Nitrogen Load Impacts

SUSTAIN was used to quantify potential water quality benefits achieved by implementing the
bioretention BMP. The simulations were run for a 17 year period from January 1, 1996 through
December 31, 2013 ableA5-4 and Figure A5-3 highlight the total annual load reduction for it
nitrogen (TN). Time series data were available from the model. Water quality benefits are realized
through loss of pollutant mass via infiltration by increasing the residence time and through pollutant
uptake from the vegetation within the BMP.

Table A.5-4. SUSTAIN Model Load Reductions for Site P1-1031

Average Annual
. A A I L .
Constituent VO AIlLED e E Reduction
PreBMP | PostBMP Reduction | Percent
Volume (ff) 767,269 532,367 234,902 31%
Total Nitrogen (Ibs) 112 44 68 61%
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Figure A5-3. SUSTAIN Model Load Reductions for Site RIB1

Cost Opinion

The estimated costs of implementibgpretention at theCape Coral Sports Centme presented in
Table A5-5. These costs are presented for planning purposes only. Actual costs will likelgowary
those presented here. The cost per pound removed of TN for this BMP is estimated to be about
$1,666.00.
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Table A.5-5. Cost Opinion

Item No Description Quant. Unit gggt Total
Preparation
1 | Temporary Construction Feng 475 LF $2.50| $1,187.50
2 | Silt Fence 475| LF $3.00( $1,425.00
SitePreparation
3 | Excavation and Removal 1250| CY $8.52| $10,650.00
Bioretention $0.00
4 | 4inch Perforated Pipe 1350| LF $2.00| $2,700.00
5 | GravelSubbase 6 inches 8400 | SF $0.55 $4,620.00
6 | Fine Grading 8400| SF $0.72( $6,048.00
7 | Soil Amendments 150 | CY $13.001 $1,950.00
Landscaping
8 | Vegetation 6300 | SF $4.00| $25,200.00
Construction Subtotal $53,780.50
9 | Utility Adj (5% of subtotal) $2,689.03
10 | Planning (10% of subtotal) $5,378.05
11 | Design (30% afubtotal) $16,134.15
12 | Mobilization (10% of subtotal) $5,378.05
13| Contingency (20% of subtotall $10,756.10
Construction Total $94,115.88
14 | 20-Year O&M | 8400| SF $2.28| $19,152.00
Total Cost $113,267.88

Design Details anBrawings

The conceptual plan and cressction detils are provided in Exhibit 3.
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»

Retrofit Bioretention would treat 4
: runoff from parking lot =
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Project Narrative

This project proposes replacing the existing detention basin with bioretention. Bi ion cells are depr
filled with 1.5 to 3 feet of engineered soil madia and planted with drought and flood tolerant plants. The
distance from the bottom of the practice to the top of the seasonal high water table should not be less than 0.5
feet. Stormwater drains into the surface of the bioretention cell and, 3s the water infiltrates through the soil
mediz, the soil and plants remove 3 portion of pollutants. Once the stormwater infiltrates through the trestment
cell’s soil medis, it isdrainad into the native soil or out of the devica through an underdrain pipe. Most
bioretention cells are designad so that between 3 half foot and one foot of water can pond in the cell duringa
rain event. A weir is included in the bi ion cell to byp ess water above the ponding depth. Since
bioretention aress use mulch and 3 variety of shrubs and smalltrees, they can be easily incorporated into
existing landscaping. These types of devices are a good option for Cape Coral, and in this case presents an
excellent opportunity 35 3 retrofit of an existing detention basin.

Site 1D P1-1031 Latitude 26° 37" 37.56°N
Project Name 78D Longitude 82° 01" 15.03°W
Date of Field Visit 12/01/2014 Street Address Sports Boulevard
Field Visit Personnel EB, DS Landowner City of Cape Coral
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Project site, north of parking lot facing northeast

Project site, Project site, north of parking lot facing northeast
with proposed Bioretention
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Project site, with cross section layer view

Project site, alternate vegetation arrangement

Peak Flow Attenuation v
Nutrient Uptake v
Sediment Removal v
Beautfication v
Improved Stream Function
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Planning $5,378
Design $16,134
Contingency $10,756
Mobilization $5,378
Construction $53,780
20-year O&M $19,152
. e 00 L\ s Total Cost $113,268
Project site, aerial view of drainage area Project site, aerial view of drainage area with proposed Bioretention
500,000 120 Pre-BMP -l
Average Annual Loads Average Annual Reduction 800,000 ks i <
Constituent g 70 3 ;
S 600,000 Post-BIMP T 80
Pre-BMP Post-BMP Reduction Percent 3 3 ,.',',
O sp0,000 s
3 S 60 0
é 500800 é Post-BMP I
Volume, (ft3) 167,269 532,367 234 902 31% # 300,000 ® 40
< 200,000 < . % %
Total Nitrogen, (lbs) 12 44 68 61% e o 2

Volume

Total Nitrogen
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6. P1-1008: Four Seasons Park -
Bioretention Retrofit

ProjectLocation andDescription

The project is located in the City owned Four Seasons P&tramprook Avenuebetween Bimini Basin,
Beach Courtand Tarpon Court. There are several businesses and fadcilitieg Sunnybrook Avenue
and Beach Courncluding TIB Bank, Ice SssscreandnhTrust Banland residenial housing Figure

A 6-1 showsthe project location and contributing drainage area.

Figure A6-1. Project Location for Site R1008

This project proposes replacitige existing grass andndscaped/egetationthat is overthe existing

stormwater pipe network within Four Freedoms Park with bioretenti®wormwater runofffrom both

the park and surrounding areas contributing to the pipe netwwilkbe treated. Bioretention cells are
depressions filled with 1.5 to 3 feet of engineered soil media and planted with drought and flood

tolerant plants. The distance from the th@m of the practice to the top of the seasonal high water

table should not be less than 0.5 feet. Stormwater drains into the surface of the bioretention cell and,

as the water infiltrates through the soil media, the soil and plants remove a portionliotgats. Once

GKS aG2NXNol GSNIAYTFTAEGONI (S8 GKNRIAK GKS GNBI GYSy(
of the device through an underdrain pipe. Most bioretention cells are designed so that between a half

foot and one foot of watecan pond in the cell during a rain event. A weir is included in the
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